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Abstract : The inhibition of the corrosion of mild steel by acid extract of Musa sapientum peels in 1M HCl was 
investigated using weight loss method. The results showed that the corrosion rate of mild steel in 1M HCl 
decreases with increase in concentration of the extracts and the values were in the range 0.013021 - 0.002127 
ghr-1cm-2. The inhibition efficiency increases progressively as the concentration of the extracts increases up to 
about 4% (v/v), above which, further increase in extract concentration did not cause any significant change in 
the inhibition efficiency. Effects of temperature on the inhibition efficiency of the extracts showed that 
inhibition efficiency decreases with increase in temperature. Activation energy (Ea) was found to be 61.60 
Kjmol-1 for 1M HCl and increases to 66.72Kjmol-1in the presence of Musa sapientum extract. The values for 
enthalpy of activation and entropy were all positive indicating the endothermic nature of the mild steel 
dissolution process. Calculated Gibbs free energy was in the range -9.43 to -8.99KJ. Kinetics of the reaction in 
the presence of the extracts revealed that it follows a first order reaction and the half-life increases as the 
concentration of the extracts increases suggesting that inhibition efficiency increases with increase in the 
concentration of the extracts. Preliminary investigation of the phytochemical constituents showed that Musa 
sapientumcontains tannin, flavonoid, terpenoid and some other compounds in trace constituents. 
Keywords–Steel corrosion, inhibitor, Musa sapientum, kinetics, and thermodynamics 
 
I. Introduction 
Considerable efforts are being deployed to find suitable compounds to be used as corrosion inhibitors 
in various corrosion media to prevent the metal form being attacked. Many metals and alloys which are used in 
different human activities are susceptible to different mechanisms of corrosion due to exposure to different 
corrosive media. The study of mild steel corrosion phenomena has become important particularly in acid media 
because of the increased industrial applications of acid solutions [1]. Acid solutions are commonly used for 
removal of undesirable scale and rust in metal finishing industries, cleaning of boilers, and heat exchangers. 
Among these, hydrochloric acid is one of most widely used agents in the process of acid pickling.  
The use of inhibitors is one of the most practical methods for protection metals against corrosion 
especially in acid solutions to prevent unexpected metal dissolution and acid consumption [2]. Inorganic 
compounds like chromate, phosphates, molybdates etc. and the variety of organic compounds containing 
heteroatom like nitrogen, sulphur and oxygen are being investigated as corrosion inhibitors [3]. But, 
unfortunately most of these compounds are highly toxic to both human beings and environment being 
carcinogenic and mutagenic. Hence, the uses of natural products which are eco-friendly are being used as 
corrosion inhibitors. The development of corrosion inhibitors of natural source and non-toxic type has been 
considered more important and desirable [3], because they are renewable, economical, easy to extract and 
readily available. 
Extracts of various plants have been investigated for use as green inhibitors such as 
Nyctanthesarbortristis[4], Nerium oleander andTecomastans[5], Indian Gooseberry [6] Kalmegh [7], Cola 
acuminate [8], Pipali and Brahmi [9], Cocoa leaves [10], Punicagranatum[11], Black pepper [12] and 
Uncariagambir [13]. In furtherance of this research, we have investigated the corrosion inhibition behaviour of 
the peels of Musa sapientumfriuts on mild steel in hydrochloric acid solutions with a view to understanding its 
kinetics and thermodynamics bahaviours. 
 
II. Experimental 
2.1 Inhibitor Preparation 
The peels of Musa sapientum fruits were collected from the chips manufacturing shops in Akure, 
Nigeria. The peels were oven-dried at 95oC, grounded and sieved through a mesh 850 micron. Stock solution of 
the plant extract was prepared by refluxing 10g of the powdered material with 100 ml of 1M HCl for about 3 
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hours and was allowed to stand overnight. The resultant solution was filtered and the filtrate was made up to 200 
mL.  From the stock solution of the extract, different concentrations of the inhibitor test solutions ranging from 
0.1% to 10% v/v were prepared. The blank corrodent was 1M HCl solution and double distilled water was used 
for the entire study. 
   
2.2 Sample Preparation 
The chemical compositions of mild steel used were Fe: 98.721%, C: 0.181%, Si: 0.056 %, Mn: 0.474 
%, S: 0.039%, Ni: 0.078%, Cu: 0.198%, Al: 0.124%, P: 0.039%, Cr: 0.038% and others were 0.091%. The steel 
was cut to form different coupons of dimensions of diameter ranging from 5.35-5.67 mm and height ranging 
from 18.03-21.14 mm using digital venier caliper. Each coupon was degreased with acetone and pickled with 
concentrated hydrochloric acid. The surface of the coupons were mechanically polished using SiC emery papers 
of grades 400 and 600, washed with distilled water, dried at room temperature and stored in a desiccator. The 
weights of the coupons were determined using an analytical balance of 0.0001 mg accuracy. 
 
2.3 Weight loss method 
After initial weighing, the specimens in triplicate were immersed in 100ml of 1M HCl solution with 
and without different concentrations of plants extracts with the aid of glass hooks at different temperatures for 6 
hours. The thermostated water bath was set to the appropriate temperature and after 6 hours of immersion, the 
specimens were removed, washed, dried completely and their final weights were noted. From the initial and 
final weights of the mild steel, the weight loss, the corrosion rate (gcm-2 hr-1), inhibition efficiency (%), and 
surface coverage ( ) were determined from the weight loss results, using equations 1, 2 and 3 respectively [13]: 
                         Corrosion rate (CR) = (gcm-2 h-1)…………………………………….(1) 
W is weight loss of the mild steel after time t (grams), “A” is the area of the mild steel coupon (cm2) and “t” is 
the time of immersion (hours) 
                        Inhibition efficiency (%) = (   ) x 100 ………………………….(2) 
                        Surface Coverage ( ) = ( ……………………………………  (3) 
Where W1  and W2 are the weight losses for mild steel in the presence and absence of inhibitor. Phytochemical 
analysis of the Musa sapientum extracts was carried out according to the method reported previously [14]. 
 
III. Results And Discussion 
3.1.Effect of Reaction Conditions on Corrosion Rate and Inhibition Efficiency of Musa Sapientum Extract 
3.1.1 Effect of concentration on corrosion rate 
The variation of corrosion rate of mild steel in 1M HCl in the absence and presence of various 
concentrations of acid extract of Musa sapientum at 303, 313, 323 and 333K was shown in Figure 1. The result 
showed that the corrosion rate of mild steel in 1M HCl decreases with increase in the concentration of the 
extracts at all temperature vlaues, indicating that acid extracts of Musa sapientum inhibited the corrosion of mild 
steel in 1M HCl. This result was found to be in agreement with the findings of J.T Wabanne [13]. 
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3.1.2 Effect of Concentration on Inhibition Efficiency 
As shown in Figure 2, the inhibition efficiency of the extracts on the mild steel increases with 
increasing concentration of the plant extracts. This is expected because as the concentration of the plant extracts 
increases, the fraction of the surface covered by the adsorbed molecule also increases which results into an 
increase in the inhibition efficiency. The inhibition efficiency increases progressively as the concentration of the 
extracts increases up to about 4%, above which, further increase in extract concentration did not cause any 
significant change in the performance of the extracts. However, the inhibition efficiency decreases with increase 
in the temperature of the reaction medium. The maximum percentage inhibition of 88.50% was achieved 30oC. 
 
 
Figure  2:  Effect of concentration of Musa sapientumextract on the Inhibition Efficiency of mild steel 
 
3.1.3 Effect of Temperature on Corrosion Rate 
The effect of temperature on the corrosion rate of mild steel in free acid and in the presence of different 
concentrations of the inhibitor was studied in the temperature range of 30oC to 60oC. As shown in Figure 3, it 
was observed that the rate of corrosion of mild steel in free acid solution increases with increase in temperature. 
However, the corrosion rate is much decreased for the inhibited acid solution than in the free acid solution. This 
shows that as temperature increases, the rate of corrosion of mild steel also increases as a result of increase in 
the average kinetic energy of the reacting molecules. The decrease in the corrosion rate for the inhibited acid 































Figure 3: Effect of Temperature on corrosion rate of Musa sapientum 
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3.1.4 Effect of Temperature on Inhibition Efficiency 
The effect of increase in temperature on the inhibition efficiency of Musa sapientum extract is shown 
in Figure 4. It was observed that as the reaction temperature increases from 30oC to 60oC, the inhibition 
efficiency of the Musa sapientum extract on the mild steel also decreases suggesting an increase in the corrosion 
rate. Previous investigators showed that the corrosion rate increases with increase in temperature [3], which 
results into a decrease in the inhibition efficiency, Therefore, decreasing the reaction temperature favours the 
























Figure 4:  Effect of Temperature on the Inhibition Efficiency of Musa sapientumextract on mild steel 
 
3.2 Adsorption Parameters 
Adsorption isotherms are very important in determining the mechanism of organo-electrochemical 
reaction. The inhibition of the corrosion of mild steel in 1M HCl medium with addition of different 
concentrations of the extract can be explained by the adsorption of the components of the plant extract on the 
metal surface. Inhibition Efficiency (%) is directly proportional to the fraction of the surface covered by the 
adsorbed molecule ( ). Therefore, the adsorption isotherm describes the relationship between the coverage of 
interface with the adsorbed species and the concentration of species in solution. The value of the surface 
coverage ( ) at different concentrations of the inhibitors in 1M HCl solution for the extract was made to fit to 
various adsorption isotherms. An inhibitor is found to obey Langmuir if the plot of log vs log C or the 
plot of log vs log C is linear. Similarly, for Temkin the plot of  vs log C, for BET log C – log  vs  3/2 and 
for Frumkin plot  C vs  will be linear as discussed [15]. In this study, Langmuir and Temkin adsorption 
isotherms were found to be suitable for the experimental findings. The isotherm is described by the equation (4) 
as given by [15, 16]. 
= 1/ K ads + C ………………………………………(4) 
Where C is the Inhibitor concentration, Kads is the adsorption equilibrium constant and  is the Surface 
coverage.  
Taking logarithm of equation 4 above yields equation (5) 
    Log ( ) = log C – log kads …………………………. (5) 
The plot of log ( ) versus log C was linear with the intercept equal to –log Kads for the extract (see Fig. 5). 
The estimated values for kads and correlation coefficient R
2 for the extract at various temperatures are shown in 
the Table 1: 
 
Table 1: Adsorption Equilibrum constant (Kads) at different Temperatures 
Temperature (K)  K ads    R
2 
  303             0.76296  0.9980    
  313             0.56011  0.9967   
  323             0.51790  0.9996 
  333             0.46341  0.9996 
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The plot of  vs log C was linear for Musa sapientum(see Fig. 6). The plots support the assertion that 
the mechanism of corrosion inhibition is due to the formation and maintenance of a protective film on the metal 
surface and that the additive covers both the anodic and cathodic sites through uniform adsorption [13].  The fit 
of the experimental data to these isotherms provide evidence for the role of adsorption in the observed inhibitive 






















































Figure 6: Temkin isotherm for Musa sapientum 
 
3.3     Thermodynamic Study 
3.3.1   Activation Energy 
The adsorption of organic compounds can be described by two main types of interactions: physical 
adsorption and chemisorption. They are influenced by the nature of the charge of the metal, the chemical 
structure of the inhibitor, pH, the type of the electrolyte and temperature [17]. Thus, in order to elucidate the 
inhibitive properties of the inhibitor and the temperature dependence on the corrosion rates, the apparent 
activation energy (Ea) for the corrosion process in the absence and presence of the inhibitor was evaluated from 
Arrhenius equation [11]: 
                                 In (  = ( )…………………………………(6) 
Where CR1and CR2 are the corrosion rates at temperature T1 and T2 respectively, Ea is the apparent activation 
energy and R is the molar gas constant.  
The estimated values of Ea for mild steel corrosion in the presence of Musa sapientum extract in 1 M 
HCl are listed in the Table 2. Activation energy was found to be 61.60 KJmol-1 in the absence of the extract and 
increases to 66.72 KJmol-1in the presence of Musa sapientum extract at 0.5v/v which shows that the adsorbed 
organic matter has provided a physical barrier to the change and mass transfer, leading to reduction in corrosion 
rate. It has been reported that when the values of Ea> 80 kJ/mol it indicates chemical adsorption whereas Ea< 80 
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kJ/mol infers physical adsorption [15, 16]. In the present study, a physical adsorption mechanism is proposed 
since the values for the Ea are less than 80 kJ/mol . 
As observed from Table 2, the activation energyincreased with increasing concentration of Musa sapientum and 
all values of Ea in the range of the studied concentration were higher than that of the uninhibited solution. The 
increase in Ea in the presence of Musa sapientumextract may be interpreted as due to physical adsorption or 
weak chemical bonding between the inhibitor species and the mild steel surface which resulted into decrease in 
the corrosion rate of the mild steel. It should be pointed out that as the concentration of the extract increases, Ea 
also increases which implies that the corrosion rate is decreasing. Thus, an increase in the inhibition efficiency 
was observed 
 
Table 2:  Activation Energy values with the various concentrations of the extract 
Concentration of Extract (v/v)  Ea (KJ mol
-1
) Musa sapientum 
   Blank      61.60 
   0.1      63.84 
   0.5      64.22 
   1.0      64.74 
   1.5      66.14 
   2.0      63.67 
 
3.3.2. Determination of Enthalpy and Entropy 
Thermodynamic parameters such as enthalpy (∆H) and entropy (∆S) of activation of corrosion process 
may be evaluated from the effect of temperature. The enthalpy and entropy of activation of corrosion process 
was calculated from the equation: 
                                    Log = log ( ) + ……………..(7) 
Where „CR‟ is the corrosion rate, „T‟ is the absolute temperature , „R‟ is the molar gas constant, „n‟ is 
Avogadro‟s constant, and „h‟ is the Planck‟s constant. A plot of log vs  is a straight line graph (see 
Fig. 7) with a slope of ( ) and an intercept of (log ( ) + ). From the slope and 
the intercept, ΔH and ΔSwere calculated as reported by Abiola et al. [18-19]. 
The results presented in Table 3 show that the enthalpy of activation values were all positive for Musa 
sapientum which reflects the endothermic nature of the mild steel dissolution process. Also, the entropies of 
activation were positive indicating that the activation complex represents association steps and that the reaction 
was spontaneous and feasible. These results were in excellent agreement with the previous study [17]. 
 
Table 3:   Enthalpy and Entropy values of the reaction with various concentrations of the extracts 
Concentration of Extract (v/v)                           ∆H (KJ mol
-1





                  Blank     74.24335551   0.0595709 
    0.1     79.24422873   0.0470412 
    0.5     80.08579373   0.0467806 
    1.0     82.44666551   0.0467806 
    1.5     81.21389216   0.0448277 























Figure 7: Plot of log vs  for Musa sapientum 
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3.3.1 Free Energy of Adsorption,  
The free energy of adsorption values, ∆G°ads,were obtained by using equation (8) and the values 
obtained are presemted in Table 4. 
                                   ∆G°ads= -2.303RT log (55.5Kads) ………………………………… (8) 
Results obtained indicate that the values of ∆G°ads are negative in all cases, showing that the reaction is 
spontaneous [18] and that the Musa sapientum extracts are strongly adsorbed on the mild steel surface by 
physical adsorption. Previous investigators showed that the values of ∆G°adsup to -20 kJmol
-1 are consistent with 
electrostatic interaction between charged molecules and a charged metal (which indicates physisorption), while 
those more negative than -20 KJ mol-1 involve charge sharing or transfer from the inhibitor molecules to the 
metal surface to form a co-ordinate type of bond (which indicates chemisorption) . This observation also 
supports the earlier assertion that a physical adsorption is proposed as a result of electrostatic attraction between 
charged metal surface and charged species in the bulk of the solution. The ∆G values which are less than 
10.5kJ/mol for various inhibitor concentrations (Table 4) revealed the decreased rate of corrosion reaction which 
is also substantiated by other studies [15, 18].  
 
Table 4: The Free energy of Adsorptions at various Temperatures 





    303     -9.43799 
    313     -8.94503 
    323     -9.02036 
    333     -8.99183  
 
3.4 Kinetic Study 
3.4.1 Determination of Rate Constant 
The corrosion reaction is a heterogeneous reaction which is composed of anodic and cathodic reactions 
at the same or different rate. It is on this basis that kinetic analysis of the data is considered necessary. In this 
present study, the initial weight of mild steel coupon is designated Wi while the weight after time t is WL, hence 
the weight change after time t is (Wi - WL). The rate constant was calculated using equation 9 as reported by the 
previous investigator [19]. 
                                    ln (Wi - WL) = -k1t + ln WL ……………………………… (9) 
 The plots of ln (Wi - WL) against time (in days) at room temperature was studied which showed a 
linear variation and slope k1 confirms a first order reaction kinetics with respect to the corrosion of mild steel in 
1 M HCl solutions in the presence of the Musa sapientum extract (Figure 8). 
 
 
(Where B1- B5 are concentrations at 2, 4, 6, 8 and 10 % v/v respectively) 
Figure 8: Variation of ln( Wi - WL) with time (days) for mild steel coupons in 1M HCl solution 
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3.4.2 Determination of Half Life 
The half-life (t1/2) was calculated from the relation below as shown in Table 6:The increase in half-life  
= ……………………………………….(10) 
when the Musa sapientum extracts were added further supports the inhibition of mild steel in 1M HCl by the 
additives. It should be pointed out that as the concentration of the extracts increases, the half-life also increases 
which corroborates the earlier assertion that as the concentration of the extracts increases, the corrosion rate 
decreases which results into higher inhibition efficiency. Hence, more protection of the metals by the Musa 
sapientum extracts would be established. Based on the value of the activation energy which is in the range of 
61kJ/molto 67 kJ/mol, the additive is physically adsorbed on the metal coupons. Therefore, it is likely that a 
multilayer protective coverage on the entire mild steel surface was obtained[19]. 
 
Table 5: Half life parameters at various concentrations 




)          Half life (× 10
3
 day) 
  Blank     0.06818               10.16397 
  2.0      0.01398   49.5753 
  4.0      0.01175   58.97455 
  6.0      0.01005   68.93602 
  8.0      0.00968   71.60756 
 1 0.0      0.00798   90.25879 
 
3.5   Phytochemical Constituents 
Preliminary investigations of phytochemical constituents of the Musa sapientum extract was reported 
in Table 6.Inspection of the chemical structures of these phytochemical constituents reveal that these 
compounds are easily hydrolysable and the compounds can be adsorbed on the metal surface via the lone pair of 
electrons present on their oxygen atoms (i.e. they contain multifunctional group) which make a barrier for 
charge and mass transfer leading to decrease the interaction of the metal with the corrosive environment. As a 
result, the corrosion rate of the metal was decreased. The formation of film layer essentially blocks the discharge 
of H+ and dissolution of the metal ions. Due to electrostatic interaction, the protonated constituent‟s molecules 
are adsorbed (physisorption) and high inhibition is expected.  
 
Table 6: The phytochemical constituents of Musa sapientum extract 
     Phytochemicals           Musa sapientum 
Alkaloid       - 
Saponin       + 
Tannin       + 
Flavonoid      + 
Anthraquinone      - 
Terpenoid      + 
                                       Syenoid                - 
Phlobatannin      - 
Legal Yeast      + 
Keller Kiliani      + 
Salkowski      + 
Lieberman      - 
 
IV. Conclusion 
1. The acid extract of Musa sapientum acts as good and efficient inhibitor for the corrosion of mild steel in 
hydrochloric acid medium. 
2. Inhibition efficiency increases with inhibitor concentration and maximum inhibition efficiency for the 
extract was found to be 87.50% at the optimum concentration of 10% v/v at 300C. 
3. The adsorption of different concentrations of the plant extract on the surface of the mild steel in 1M HCl 
acid followed both Langmuir and Temkin adsorption isotherm. 
4. The negative sign of the Free Energy of adsorption indicates that the adsorption of the inhibitors on the mild 
steel surface was a spontaneous process and was found to be physiosorption. 
5. The positive values of enthalpy of adsorption (∆H) suggest that the chemical reaction involved in the 
adsorption of the inhibitors on the metal surface is an endothermic process, hence increase in the reaction 
temperature of the medium will decrease the inhibition efficiency. 
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6. The positive values of entropy of adsorption indicate that the reaction was spontaneous and feasible.  
7. Activation energy Ea was found to be 61.60KJmol-1 for 1M HCl and increases to 66.72KJmol-1 in the 
presence of Musa sapientum extract which shows that the adsorbed organic matter has provided a physical 
barrier to change and mass transfer, leading to reduction in the rate of corrosion. 
8. The mechanism of the physical adsorption was proposed and a first order type of reaction is obtained from 
the kinetic treatment of the data. 
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